The aim of this study is to determine the indoor radon and thoron concentration distribution on three detection planes, inside of a controlled closed room with microclimate conditions with NTM (Nuclear Track Methodology), using CR-39 Lantrack® bared detectors. One hundred sixty two (162) 1.9 cm × 0.9 cm CR-39 polycarbonate chips were placed in each one of the three planes, 2.0 m × 2.0 m square structures, distributed uniformly in 18 columns and 18 lines, in each plane. After three months exposure to indoor radon and thoron inside of the closed room, with a main concentration value of 862 ± 49 Bq/m 3 , all the detectors were chemically etched in KOH-6.25M solution to 60 ± 1 °C for 18 h, following the well established protocols for indoor radon survey, by the Dosimetry Applications Laboratory of the Physics Institute, UNAM (National Autonomous University of Mexico) and later on read by DIAS (Digital Image Analysis System).The results show that the radon and thoron concentration distribution is not homogeneous in anyone of the planes faces. The six faces of the three planes measured, have a very particular distribution. From the results, it can be observed that each side of each plane shows a peculiar distribution, with gradients of concentrations higher than 50% from one area to another of the same measured plane. These results can help to understand the dynamics of the radioactive gases, and their measurements.
Introduction


A fact is that about half of the natural radiation exposure encountered by the population is due to inhalation of short-lived decay products of the naturally occurring radon ( 222 Rn and 220 Rn), and needs to be evaluated, in order to minimize the risk to the population [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The role of radon in the growth of lung cancer incidence, and other public health diseases has been proved and therefore the investigation requires particular attention on the concentration distribution in each position, inside of a room volume [11, 12] . Several studies have shown that radon ( 222 Rn and 220 Rn) distribution in a room depends on many factors as: size, shape, construction materials, temperature, Corresponding author: Guillermo Espinosa, Ph.D., signor researcher, research fields: environmental radiation and radiation physics. humidity, ventilation, among others [13] [14] [15] [16] [17] [18] [19] [20] .
This makes the measurement of indoor radon be an art. But it is a duty of researchers, radon measurement services and the environmental radiation institutions to make of the radon measurement a scientific process, especially because the data of indoor radon concentration is the basis for the dose calculation. Dose that will receive the general public and this is associated with a risk of cancers and public health. Obtaining erroneous data of indoor radon concentration levels, leads to a serious error in the calculated doses, and the possible effects of these doses into the population, are to discredit all the efforts of analysis and measurements of radon, made by the institutions, laboratories or companies, and threatening public health. So any effort made to bring radon measurements to exact science is essential. 
Methodology
The closed room studied, with microclimate conditions, is located in the south zone of Mexico City (19°29'52" N, 99°7'37" W). The building construction is inside of an old lava soil from the Xitle Volcano zone, 1,600 years ago. And Mexico City is 2,360 meters above sea level, is well known because the high seismicity activity, with more than 380 telluric movements from 3.0 to 6.0 on the Richter scale monthly [23] .
To determine the radon ( 222 Rn and 220 Rn) concentration distribution inside of the closed room, three detection planes (A, B and C) are with 2.0 m × 2.0 m square structure each one. In order to have a place to hang the plastic detectors, a reticular cotton grid of 11.1 × 11.1 cm is attached to the planes structure; the CR-39 bared detectors were placed at the center of each square.
In each one of the planes 162 barred CR-39 (Lantrack ® ) detectors, the radon (  222 Rn and   220 Rn) distribution is registered in both sides of the detectors, and the track density of each side of the detector can be read independently.
Each planar system was placed perpendicular to the ceiling and floor, and parallel to the ends of the cellar. The first planar system was placed at 1.5 m from the west wall, the second at the center of the room, and the third one at 1.5 m from the east wall of the cellar. The dimensions of the cellar are 6.0 m × 2.30 m × 2.20 m (long, width and height), with a total volume of 30.36 m 3 . This arrangement is shown in Fig.   1 .
Exposure Time and Chemical Etching
The CR-39 barred Nuclear Track Detectors remained 3 months inside the room with microclimate conditions. After this exposure time, the detectors were removed and chemically etched, all together, for 18 hours in a 6.25 M KOH water solution to 60° ± 1 °C, in a thermo-regulated bath. Afterwards to the chemical etching, the CR-39 detectors were washed in distilled water and dried, following a very well established protocol on the laboratory [24] .
All the detectors were read on both sides, front and rear face, with a DIAS (Digital Image Automatic System) [25] , and the average tracks density data of each detector of the three planes, is used for a track density distribution characterization. With the Surfer software ® , this information was plotted, following the position of each single CR-39 detector on the grid planes.
Because the nuclear track method may register the alpha particle along detection surface simultaneously, and in all the detectors on the cotton grid, it is possible to generate the concentration distribution map with the measurements. 
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Results and Discussion
Concentration Levels of 222 Rn and 220 Rn on the Detection Planes
In Fig. 2, (A', A", B' , B", C' and C") are shown the radon (   222   Rn and   220 Rn) concentration levels (or track densities) founded in each one of the six faces on the three planes.
The first important observation is that no one of the surfaces of the planes presents homogeneous or Rn) distribution. The face A' (plane A), which was 1.5 meters in front of the west wall, shows the highest concentration at the top, close to the room roof (ceiling), and the concentration is fading along the plane to the room floor, with more than 40% difference in concentration values. The face A" (plane A) is at the other side of the same plane, and the distribution shows a smooth variation in waves with approximately 20% variation in levels.
In the plane B, the distribution is completely different from the plane A in both sides. In plane B (B' and B") faces, it can be observed a lowest concentration on the center of the plane, with discrepancies between the centers to the edges more than 57%.
Plane C shows again no homogeneous distribution in both sides (faces C' and C") with a high track density on the edge, close to the north wall, fading to the south wall; with 43% of discrepancies in vales, between one side of the plane to another. The face C' shows more soft lines than the face C". In both faces of the plane, a low track density is shown, corresponding to the position of the plane at the vicinity of the gate of the room.
"One image said more than thousand words" and these figures show the radon distribution in each face of the three planes clearly. For this experiment, the application of the Nuclear Track Methodology is essential.
Microclimate Conditions inside the Closed Room
In Fig. 3 , it shows the measured values of: (a) the temperature; (b) humidity; (c) barometric pressure and (d) radon concentration levels, during the three months period of the detectors were exposed.
As it can be observed from Fig. 3 , the temperature was constant, with a variation of ± 1 °C. It is because the room is underground, and is not dependent of the outside climate. And the same happen with humidity, that the variation of ± 2% relative humidity. The atmospheric pressure was constant (798 to 800 mbar) during the 3 months experiment. The value of 800 mbar is because the room is 2,324 m above sea level, and radon ( 222 Rn and 220 Rn) concentration was almost constant (it is of the characteristics of the room), only when the small gate was opened for a few minutes. The concentration comes down, as shown in Fig. 3 .
Conclusion
The first interesting conclusion is that the indoor radon ( Fig. 3 Temperature, humidity, atmospheric pressure and radon-thoron levels during the 3 months experiment inside the closed room.
